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OBJECTIVE AND SCOPE

The objective of the study was to evaluate four aggregate sources in
southern Idaho from the basis of moisture damage susceptibility when the
aggregate is incorporated into dense-graded asphalt concrete mixes. Field
cores and performance information from four representative pavements were
used with the laboratory test information obtained from Taboratory specimens.

Laboratory mechanical indicator tests that were used to reflect the
moisture damage susceptibility were: splitting tensile strength, resilient
modulus and repeated stress diametral fatigue. These tests were performed
on dry, vacuum saturated and accelerated conditioned laboratory specimens
and cores. Three of the four aggregate source mixes were evaluated both in
untreated and treated conditions.

Pavement lives were predicted by two calculation methods using both
the splitting tensile strength ratios and the fatigue lines.

A discussion of the results follows. Appendix A and Appendix B contain
the predicted pavement 1ife procedures, Appendix C contains the tensile
strength and modulus test data, and Appendix D contains the fatigue lines

obtained on the cores and Taboratory specimens.



AGGREGATE SOURCES

Four aggregate sources used in this study were: AD-53, BK-142s,
GD-56 and CS-147. A constant asphalt cement (AC-11) was used for the
laboratory specimens.

Asphalt concrete mix performance as based on moisture damage sus-

ceptibility has been ranked by ITD as follows:

AD-53 Good
GD-56 ' Fair-Good
CS-147 Poor
BK-142s Poor

Records from the older road pavements made with these aggregates,
especially in the sections from which cores were drilled for this study,
indicated that all field mixes were untreated except for GD-56. The GD-56

mix contained 1% hydrated 1ime powder as an antistrip.



RESULTS OF MECHANICAL INDICATOR TESTS

The mechanical indicator tests used were stripping tensile strength
(STS), resilient modulus (MR) and repeated stress diametral fatigue at 55°F.
The data obtained are shown in Appendix C and Appendix D.

Specimen vs. Core Comparisons

A comparison of test data (ratios) between laboratory specimens matched
to field cores is shown in Table 1. If there is a good match between
specimens and cores, then the accel. cond. ratio of specimens should not
be higher than the vac. sat. ratio of cores from the pavements. In all
four cases, this is true for STS ratio, which implies that the potential
field moisture damage has not been reached to date because of lower moisture
entry to the pavement. But the field core STS vac. sat. ratio is generally
below the Tab specimen STS vac. sat. ratio, which implies that field moisture
damage has occurred beyond the stage of vac. saturation effects. Similar
MR ratio comparisons are not evident probably because of differences in
oxidation-hardening effects for the field cores vs.‘lab specimens.

A comparison of STS and MR ratio magnitudes between cores and specimens
per aggregate source-shows there are some similarities, but the matching is
not exact. The similarities are probably due to matching aggregate source,
but the differences are probably due to using a current asphalt in specimens
rather than using the original asphalt in the pavement mixes. The use of current
asphalt is a practical necessity in this case.

Overall, the aggregate source mixes can be ranked from best to worst

using the ratio magnitudes as follows:



TABLE 1. COMPARISON OF RATIOS BETWEEN FIELD CORES AND MATCHED LABORATORY
SPECIMENS
Ratios
Splitting Resilient Fatigue Stress Fatigue Strain
Mix Type Tensile Strength Modulus at 1 X 106 reps | at 1 X 106 reps
by Aggr.
Source vac sat |accel cond | vac sataccel conc accel cond accel cond
AD-53 Cores'| .91 .58 .90 .75 .59 71
AD-53
specimens .91 .74 .78 .65 .55 .83
BK-142s
Cores 61 .45 .56 .31 .48 .82
BK-142
Specimens .85 .54 .86 .62 .54 .75
GD-56 Core52 .95 .90 1.06 1.06 .87 .83
GD-56
Specimens .86 .95 .83 .98 1.06 1.03
CS-147 Cores] .83 .72 .89 .75 .81 .89
CS-147
Specimens .99 .59 .94 .54 .38 .65
Notes: 1. Untreated mix for cores and specimens.
2. 1% hydrated lime treated mix for cores and specimens.



Cores GD-56, CS-147, AD-53 and BK-142s

Specimens| GD-56, AD-53, CS-147 and BK-142s

The GD-56 mix, containing 1% 1ime, shows that it is top-rated by ratio.

The BK-142s mix is bottom-rated. The AD-53 and CS-147 mixes are in between.

_stress or strain wet

“stress or strain dry at

The fatigue stress and strain ratios (
1X 106 reps.) show that the GD-56 mix is again top-rated. The rest of the
aggregate source mix rating is difficult to assess because of the general
fatigue mismatch between cores and specimens. If fatigue ratios are not
considered but, rather, the high position of the strain fatigue lines,
then the AD-53 mix is top rated overall (See Appendix D, Figure D-2).

Although the match between specimens and cores is not what one would
hope, the overall comparison based on ratios shows that lab specimen ratio
jndicator tests after performing accelerated moisture condition do a
reasonable job of predicting aggregate source mix performance based on ITD
field observations.

If the same pavement thicknesses are to be compared, then the mix which has
the highest STS ratios should perform the best in the field under a given
traffic volume, soil support and climate providing the basic fatigue life
and strength is adequate. The Appendix D fatigue lines for the dry mixes
appear to be high enough to provide from one to ten million or so repetitions
before fatigue cracking, which seems to be minimal but adequate for all the
four aggregate sources. However, since the four pavement sections have
different thicknesses, the ratio comparison is not always sufficient to

predict pavement 1ife. This will be discussed in a later section.



Effects of Additives

One of the objectives was to determine the sensitivity of antistrip
treatment to moisture damage. The BK-142s, GD-56 and CS-147 aggregate
source lab-specimen mixes were treated with 1% hydrated Time powder or
0.50% Tiquid antistrip, or both. Table 2 shows the ratios for the untreated
and treated lab mixes.

The AD-53 aggregate source mix was not treated. The STS, MR and fatigue
strain ratios appear to be minimally satisfactory; the stress fatigue ratio
is too low but the strain fatique ratio is satisfactory.

The GD-56 mix ratios are satisfactory for the untreated condition.
Although the field pavement mix was treated with lime, the current lab
specimen ratios show that treatment is not needed. However, lime treatment
does show a benefit; most of the ratios increase to about 1.0 with the
addition of Time. The 1iquid antistrip in the GD-56 mix appears to produce
no ratio increases when compared to the untreated mix.

The BD-142s and CS-147 mixes perform better when treated with the liquid
antistrip. The Tow, unacceptable ratios for the untreated mixes rise to
generally minimal acceptable Tevels when treated. The greatest improvement
is observed with the CS-147 aggregate source; a much lesser improvement is
observed with the BD-142s aggregate source, except for strain fatigue ratio
where the ratio becomes quite large. Therefore, the Tiquid antistrip additive
has the greatest "benefit-cost" indicator values for the CS-147 aggregate
for all ratios, is ineffective in the case of GD-56 and, to a certain extent,
questionable for BK-142s aggregate except for fatigue ratios. It appears
that the performance of this liquid antistrip is related to aggregate source when

using 0.5% dosage and the same lab asphalt.



TABLE 2.

EFFECTS OF ADDITIVES ON RATIOS OF LABORATORY SPECIMENS

Ratios after Accelerated Conditioning

Mix Type by Splitting Resilient | Fatique Stress Fatigue Strain
Aggregate Source Tensile Strength| Modulus at 1 X 106 reps at 1 X 106 reps
AD-53

Untreated .74 .65 .55 .83
BK-142s

Untreated .54 .62* .54 .75
BK-142s

0.5% liquid .65% .61 L74* 1.26%
antistrip

GD-56

Untreated .86 .80 .93 1.21*
GD-56

1% hydrated 1lime .95% .98* 1.06% 1.03
GD-56

0.5% Tliquid .82 .78 .92 1.08
antistrip

CS-147

Untreated .59 .54 .38 .65
CS-147

0.5% Tliquid .82% .73* .70% .96%
antistrip

*Note: *Denotes highest magnitudes (not necesarily ratios) of respective mechanical

property after accelerated conditioning per aggregate source mix.



- Comparison of STS Ratios: Boise Central Lab (ITD) vs. Univ. of Idaho

ITD's Boise Central Lab obtained STS ratios of laboratory specimens
for each aggregate source mix. These results are compared to the Univ.
of Idaho STS ratios for specimens sent to Univ. of Idaho in Table 3.

In 3 out of the 7'comparisons shown, the ratios are different enough
to indicate a cross-check on test method detail is warranted. For instance,
the ratio for the AD-53 aggregate source mix shows a low ratio (.42) for
the ITD test and a minimum acceptable ratio (.74) for the Univ. of Idaho
test. For another comparison, the liquid antistrip treatment shows up more
favorably for‘the BK-142s aggregate source mix with the ITD results as
compared to the Univ. of Idaho results. In the first case, there is enough
difference in ratios obtained for the AD-53 mix such that one agency would
call the mix unacceptable while the other agency would probably give approval
to the mix. In the second case, one agency would conclude that the 0.5% liquid
antistrip in the BK-142s source mix would be benefit-cost acceptable, while
the other agency would not conclude that the liquid antistrip is benefit-cost
acceptable. So, it is suggested that the STS test method steps be cross-
checked between the two agencies before further testing and study continuation
takes place.

On the other hand, both agency STS ratios show general agreement between
untreated and treated ratio levels for the BK-142s, GD-56 and CS-147 aggregate
source mixes. The untreated GD-56 mix has high ratios and both agencies show
that the effect of 0.5% 1iquid antistrip is not effective. Also, both agencies
show that the untreated BK-142s and CS-147 mixes are moisture sensitive and

require treatment.



TABLE 3. COMPARISON OF SPLITTING TENSILE STRENGTH RATIOS BETWEEN ITD AND U of I

Splitting Tensile Strength Ratios
for Laboratory Speicmens]

A R
AD-53 .42 .74 - -
BK-142s .61 .54 .85 .65
GD-56 .95 .86 .85 .82
CS-147 .76 .59 .85 .82

Notes: 1. Ratios obtained after accelerated conditioning.

2. 0.5% liquid antistripping additive.



RESULTS OF PAVEMENT LIFE PREDICTIONS

When assessing the aggregate source mixes by fatigue 1ife using
pavement variables, the Tife methods and other variables are superimposed
upon the mechanical indicator test results. What might be a good ratio
by the mechanical indicator tests may not look so good in life performance
when the variables of pavement thickness ahd traffic volume are included,
and vice versa. Each of the four pavements (and aggregate source mixes)
“have different thicknesses, traffic volume and soil support. Although
the mechanical indicator test ratios are indicative of the asphalt concrete
performance for consistent field pavement variables, the variety of the four
pavement sections can show a different arrangement of aggregate source
performance.

Table 4 Tists the pavement thicknesses for the four aggregate source
field pavements used in this study. Three out of the four pavements incor-
porate the .4 ft. PMS and .4 ft. ATB top layers used in the Idaho interstate,
with varying aggregate base and granular borrow thicknesses.

The ITD Flexible Pavement Method is based on the reduction of asphalt
concrete's cohesion using STS ratio from which the reduced gravel equivalency
is calculated. The ITD pavement thickness-traffic method is used to calculate
the reduced allowable traffic index and thus, the reduced allowable fatigue
1ife wheel load repetitions based on a 20-year design period. The reductions
are field prorated with STS ratio using 2 yrs. dry + 8 yrs. vac. sat. +

remaining yrs. accel. cond. for laboratory specimens. For pavement cores

10



TABLE 4.

PAVEMENTS AND THICKNESSES

Pavement Layer Thicknesses, ft.

Designation Plant Mix ATB Agg. Base_ Granular Bocrrow
1-84 ‘

AD-53 .4 4 .3 1.5

I-15

BK-142s agg. 4 - 1.1 1.0

I-84

CS-147 agg. .4 4 .9

1-84

GD-56 agg. 4 .4 .7

11



representing the older pavements, the vac. sat. STS ratio is used for the
PMS: the Tife of the PMS is added on to the estimated 1ife of the ATB.
Appendix A describes the procedure.

The Fatigue (First Cracking Life) Method uses the fatigue Tines (Appendix D)
and the Chevron 5L computer program for obtaining stresses and strains under
the 5,000 1b. wheel Tload in the PMS and ATB. The procedure is described in
Appendix B. For Tlaboratory specimens, the ATB first crack 1ife is calculated
and the the remaining (added) first crack 1life increment for the PMS is
calculated. The first crack life is prorated using basic fatigue lives
for 2 yrs. dry + 8 yrs. vac. sat. + remaining yrs. accel. cond. The lives
are usually Tess than the total Tife of the pavement due to fatigue cracking
because the time for surface crack propagation is not known and therefore
not added to the first crack life. But the first crack life may serve as a
relative measure of the aggregate source mix in the pavements. For field
cores, the ATB life is estimated and the remaining life increment of the PMS
is added using the vac. sat. fatigue 11n§.

The traffic volumes (TI) used for the fatigue method are shown in Table
5. Note that the I-84 pavement thicknesses are sufficiently thick such that
the TI are very high and are notin correspondence with the ITD pavement thick-
ness method. Therefore, if the TI was over 12, a TI = 12 was assigned in the
dry stage for the asphalt concrete. The fatigue first crack method uses the
estimated field TI, which is more realistic.

The pavement 1ife predictions by both methods are shown in Table 6 with
the ITD field estimated 1ife. The ITD field rank, from highest to lowest life,

is AD-53, GD-56, CS-147 and BK-142s. The ITD flexible pavement thickness

12



TABLE 5. TRAFFIC INDEX FOR CALCULATION OF PAVEMENT LIVES

1

ITD Flex. Pavt.

Pavement and Method w/STS Ratios2 - Fatigue Mechanistic
Aggregate Source Dry Vac. Sat. | Accel. Cond. . Method3
1-84

AD-53 12.0 11.9 11.6 10.2
I-15

BK-142s 9.7 9.5 9.3 9.5
1-84

GD-56 112.0 11.8 11.6 11.0
1-84

CS-147 12.0 11.8 11.6 8.5
Notes: 1. Total 5 k EWL's = §y§J3ﬂ: X yrs. of Pav't Life

where TI = 1.3 (total 5 k EWL

)']2 for a 20-yr. period

Total 5 k EWL _ 5 k EWL

and 20 yr

ave.
yr

TI calculated from pavement section gravel equivalency for STS
ratios of asphalt treated layers. TI max. = 12.0 (dry)

Average field estimated TI (past and future traffic) by ITD field

engineers.

13
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method ranks AD-53 highest and CS-147 lowest using lab specimens, and AD-53
highest and BK-142s Towest using pavement cores. Again, there is some

mismatch (due to STS ratios) between cores and specimens. But this method
using cores shows the same 1ife proportional ranking as the ITD field estimated
Tife. The lab specimen rating is not as good but perhaps generally reasonable
considering that 20-yrs. 1ife is maximum in the method‘when using specimens

for predictions. The fatigue first cracking 1ife method does not give reasonable
ranking at first glance, but the AD-53 is rated the highest and the BK-142s

is rated the Towest, both for predictions based on specimens and cores.

The CS-147 mix is rated better than the GD-56 mix. The basic fatigue lines

of mixes with hydrated 1ime (i.e. GD-56 mix) tend to be lower (or greater
slope), thus giving rise to less 1life when employing fatigue 1ife methods.

Additives seem to be only "benefit-cost" effective in the GD-56 and
CS-147 mixes. The 0.5% liquid additive is very effective in the GD-56 mix
for the strain fatigue first crack Tife method and moderately effective in
the CS-147 mix for the ITD flexible pavement thickness method. The hydrated
Time in the GD-56 mix did not show improved Tife by either method. The 1liquid
additive did not produce a significant Tife increase in the BK-142s mix by
either method, which was also previously indicated by STS and Mp ratios of
the BK-142s mix in Table 2.

The results indicate that the ITD flexible pavement thickness method
gives pavement 1ife ranking that corresponds to the STS ratios. This method
appears to be the most practical method at the present time for evaluating
additives and aggregate sources through laboratory specimen STS ratios and
pavement variables. However, it should be noted that a smaller difference
in predicted pavement lives results from this method as compared to the

strain fatigue 1ife method. The implications of the strain fatigue life

15



method is discussed next.
If the Tab specimens could ever match field cores, which is practically
not completely achievable in the near future, then the strain fatigue first crack

life method would give good predictions for overall pavement life ranking.

Even with the superposition of pavement variables, there is some resemblance

to predicting aggregate source mix overall pavement ranking by mechanical

indicator tests and by strain fatigue 1ife using laboratory specimens. For
instance, the AD-53 mix is top rated and the BK-142s is bottom rated. However,
the GD-56 mix is lower rated than the CS-147, the reverse of the mechanical
indicator tests. This appears to be the only "switch" due to pavement
variables. Therefore, the strain fatigue first crack 1ife method using
laboratory specimens, appears to hold promise as the better method for

predicting overall ranking of aggregate sources in pavements.

16



CONCLUSIONS AND RECOMMENDATIONS

Laboratory specimen ratios from STS tests appear to be good indicators

of aggregate source mix moisture damage susceptibility and for evaluation
of additive treatments. However, it also appears that the STS ratio
evaluation is applicable to a consistent set of field pavement variables.
Changes of thickness, traffic volume and soil support can be factors 1in
the overall evaluation of mixes using STS ratios when the aggregate
source mix is incorporated as structural asphalt concrete (see 2. below).
STS ratios from laboratory specimens can easily be employed in the current
ITD flexible thickness-1life method to predict the aggregate source mix's
performance as a structural layer in the pavement. This appears to be

a good method for relating STS ratios to pavement variables using
aggregate source mixes that are untreated and treated. However, the

Tife differences tend to be attenuated by the 20 yr. design limit.

(A past study, in connection with NCHRP 4-8(3)/1, shows that this method
can be used to determine STS cut-off ratios in the laboratory for
untreated spécimens and to determine benefit-cost ratios if additive
treatments are used). Fatigue tests, modulus tests, and the Chevron 5L
computer program are not used in this method.

The use of laboratory specimen fatigue and modulus tests for the
aggregate source mixes and the Chevron 5L computer program for determining
the pavement strain first crack 1ife show promise as a good method for
predicting overall field pavement Tife ranking using pavement variables.

Pavement life differences for aggregate sources are larger than the ITD

method. However, this is a time-consuming method because fatigue tests

consume a lot of lab time. The basic positions of the fatigue lines are

17



v

used for the wet and dry condition of mixes; ratios are not used.

This method is applicable for future years. (The University of Idaho

is developing a method for reducing the fatigue testing time).

In reference to 1., 2., and 3. above, the above tests and methods

seem to rank the aggregate source mixes according to field pavement
performance. The AD-53 and GD-56 aggregate source mixes show higher
performance than the CS-147 and BK—142$ aggregate source mixes. The
University of Idaho tests show that the CS-147 mix's performance would

be increased by Tiquid additive treatment; the additive treatment would
not be as effective in the BK-142s mix at 0.5% dosage. (Lime treatment
was not evaluated in these two mixes). The GD-56 mix had a small improve-
ment in performance with the use of 1% 1ime, but the untreated mix showed
satisfactory performance also. Fatigue tests showed the strain fatigue
life for the 1iquid additive treated mix was much better than the 1ife
for the Time additive treated mix, implying that pavement variables
affect the outcome of additives in the GD-56 mix, rather than STS ratios
by themselves.

The fatigue lines for the four dry aggregate source mixes appear to be
positioned high enough to withstand 1 million to 10 million 5,000 1b.
equiv. wheel Toads for "thick" pavements where the bending strain of

100 X 1076

is not exceeded. If the CS-147 and BK-142s mixes could be

made less moisture susceptible, these mixes would have equivalent Tife

to the AD-53 and GD-56 mixes.

Continuation of evaluation of aggregate sources in Idaho appears advisable
since field pavement performance is directly related to the mechanical

indicator tests used and to certain portions of the fatigue 1ife-

pavement variable methods used (see 1., 2., 3. above).

18



7. A procedural cross-check needs to be performed between ITD and Univ.
of Idaho before further STS ratio testing is performed. This would

provide for better matching of ratios for aggregate source mixes

between the two agencies.

19



APPENDIX A

USE OF STS RATIO TO CALCULATE PAVEMENT LIFE
BY ITD FLEXIBLE PAVEMENT METHOD

Determination of Life Expectancy for an Existing Pavement Using Field Cores

1=

Iro

[

|

Obtain the in place pavement layer thicknesses, full-value substitution
ratios, soil support (R-value), and regional factor. Calculate the
in-place gravel equivalent and divide by the regional factor to

obtain the unadjusted gravel equivalent.

For a 20 year "dry" design Tife calculate the traffic index for the

dry stage using the following equation.

0.2

1= T
.0058 (100-R)
Where
T = thickness in feet (from step 1)
R = resistance value (soil support from Step 1)
C = cohesiometer value (normally taken as 20)

From laboratory tests, obtain the STS ratio of the asphalt concrete in
the vacuum saturated stage.

Using substitution ratio = 1.3 for 100% stripped asphalt concrete plant
mix and 1.1 for 100% stripped ATB, and a substitution ratio of 2.0

for 0% stripped (dry) asphalt concrete plant mix and 1.75 for 0%
stripped (dry) ATB, calculate the substitution ratios for the asphalt-
treated layers (plant mix and ATB) in the vacuum saturated stage using
STS ratio for vacuum saturation with interpolation to obtain the amount

of cohesion lost due to moisture damage (stripping).

A-1



o

Using the in-place pavement thickness, the substitution ratios for
vacuum saturation, soil support and regional factor, calculate

the in-place gravel equivalent representing the vacuum saturated
condition. Divideby the regional factor to obtain the unadjusted

gravel equivalent.

o

Using the equation in Step 2 and the gravel equivalent thickness from
Step 5, calculate the Traffic Index for the vacuum saturated condition.

Note: If the TI from Step 2 is greater than 12, let TI = 12.0 with TIVS

dry
proportionately smaller.

I~

With the following equations calculate the traffic rates in both

the dry and vacuum saturated stages.

SKEWL _ 1 ,TI )8'3333

yr 20 ‘T.3

Comm$£c1als - 8.928 x 1074 (TI)8'34934

Calculate the extended 1ife (yrs.) in the vacuum saturated condition

{co

using the following equation.

(20) (yearly dry rate) _
(yearly vac. sat. ratio) ext.

I

Estimate age of pavement, YATB’ when the asphalt concrete underlayer,
i.e. ATB, is fully cracked but plant mix is not, or obtain this
information from field engineers.
10. Total life to pavement féi]ure (high roughness) of the plant mix

is the sum of the pavement age from Step 9 and Yext from Step 8, i.e.
=Y

Y + Y

total ATB ext

A-2



11. Total repetitions are obtained by multiplying the dry condition

traffic rate by the total life. For example:

- dry
Total SKEWL =( v ) (Ytotal)

Commercials Dry) (Y

Total Commercials = ( T total)

A-3



Estimation of Pavement Life Expectancy using Laboratory Specimens

1. Obtain in-place pavement layer thicknesses, full value substitution
values, soil support (R-value), and regional factor. Calculate
in-place gravel equivalent, divide by the regional factor and obtain

the unadjusted gravel equivalent.

2. For a 20 year design life calculate the Traffic Index for the dry

stage using the following equation.
_— 0.2 T
0.0058 (100-R)

Where
T = thickness, in feet (from step 1)
R = resistance value (soil support from Step 1)
C = cohesiometer value (normally taken as 20)

3. From laboratory tests, obtain the vacuum saturated and accelerated
conditioned STS ratios for the asphalt concrete.

4. Using substitution ratio = 1.3 for 100% stripped asphalt concrete

| plant mix, and 1.1 for 100% stripped ATB along with a substitution
ratio of 2.0 for 0% stripped (dry) asphalt concrete plant mix and
1.75 for 0% stripped (dry) ATB, calculate the substitution ratios
for the asphalt treated layers (plant mix and ATB) for vacuum saturation
and for wet accelerated condition. Use the STS ratios to determine
the amount of cohesion lost due to stripping.

5. Using the place pavement thickness, the substitution ratios for the

vacuum saturation and for wet accelerated condition, soil support and

regional factor, calculate the in-place gravel equivalencies for

A-4



oy

Note:

7.

9.

'I —

Note:

vacuum saturation and the wet accelerated condition. Divide by the
regional factor to get the unadjusted gravel equivalent for each

of the two moisture stages.

Using the equation in Step 2 and the thicknesses from Step 5,
calculate Traffic Indices for each of the two moisture stages (vacuum
saturated and wet accelerated conditioned).

If any of the TIs (dry, vac. sat. or accel. cond.) are greater than

12.0 let TIdry = 12.0 with TIVS and TI_C proportionately less.

A

Using the following equations calculate the traffic rates for

dry, vacuum saturated and wet accelerated conditioned stages.

SKEWL _ 1 (T )8'3333

yr 20 1.3

Comm;:cia]s - 8.928 x 1074 (TI)8,34934
(a) Assuming that the pavement is in a dry stage for 2 years, a

vacuum saturated stage for the next 8 years and an accelerated
conditioned stage after that, solve the following cumulative
damage equation for Yac’ where Yac = years in accel. cond. stage.

(Yac) Dry Rate

(2) Dry Rate + (8) Dry Rate
(20) Accel. Cond. Rate

=~ 120) Dry Rate © (20) Vac. Sat. Rate

(b) Calculate Y =2 yrs. + 8 yrs. + Yac

total

If YaC in Step 9 is negative this indicates that the pavement fails
before it reaches the accelerated conditioned stage. In this case solve
the following cumulative damage equation for sz’ i.e. substitute YVS

for 8 yrs. and let Yac = 0 such that
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(2) Dry Rate Yys (Dry Rate) -

(20) Dry Rate 70 Vac. Sat. Rate

Ytota] =2+ sz

The total number of repetitions to roughness failure are’
found by multiplying the dry yearly rate by the total life in

years. For example:

5kEWLDr
Total 5KEWL = (—-———lyr ) (Viota1)
Total Commercials = (Commerc1a]sDry> (v )
Yr total
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APPENDIX B

USE OF FATIGUE TEST DATA TO CALCULATE PAVEMENT LIFE
BY MECHANISTIC METHODS

I. Determination of Life Expectancy for an Existing Pavement Using Field Cores.

1. From laboratory tests obtain the resilient modulus (MR) values for

the asphalt concrete in the vacuum saturated stage.

2. Obtain pavement cross sectional profiles.

3. The vac. sat. MR is used with the appropriate values from the table
below in the Chevron 5L computer program to solve for radial stresses and
strains at the bottom of the plant mix for the 5 kip equivalent wheel
load.

Layer MR (psi) Poissons Ratio
Plant Mix (as tested) .30
ATB 70,000 . .35
AGG Base 20,000 .35
Granular Borrow 14,000 : .35
Subgrade 14,000 .40

4. From laboratory fatigue test data on vac. sat. cores, construct the
fatigue lines - log life (repetitions) vs. log stress (strain).

5. Using the vacuum saturated stresses (strains) from the Chevron 5L

program, enter the fatigue 1ines and obtain the corresponding lives.

B-1
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Obtain estimates of past and future Traffic Indices. From these,
calculate the past and future yearly traffic rates for 5 kip
equivalent wheel loads and commercial vehicles using the following
equations.

S5kEWL _ 1 (TI )8.3333

yr 20 ‘1.3

Comm$;cials - 8.928 X ]0—4 (TI)8.34934

The extended life in the vacuum saturated stage is then calculated by
dividing the vacuum saturated 1ife (from fatigue graph) by the future

yearly traffic rate.

_ Life vs
ext vac. sat. rate

Estimate the age of the pavement, YATB’ when the asphalt concrete
under layer (i.e. ATB) is cracked, but the plant mix is not, or obtain
this information from field dynaflect measurement increase.

Total life to first cracking of the plant mix is the sum of YATB from

step 8 and Yext from step 7.

Y =Y +Y

total ATB ext-

Total repetitions are obtained by multiplying YATB by the past yearly

traffic rate and adding this to Y multiplied by the future yearly

ext
traffic rate:

SKEWL (past) , ext SKEWL (Future)

Total S5kEWL = YATB r vr

Comm_(past) . Yext Comm (Future)
yr yr

Total Commercials = YATB

B-2



II. Estimation of Pavement Life Expectancy Using Laboratory Specimens

1. From laboratory tests obtain the resilient modulus (MR) values for the
asphalt concrete in the dry, vacuum saturated and wet accelerated
conditioned stages. Also obtain thicknesses of the pavement and base

courses from the pavement profile.

2. Using the Chevron 5L Computer program, obtain the radial bending
stresses and strains at the bottom of the ATB and plant mix layers.
Since both stress and strain are dependent upon the modulus, three
different values of stress and strain must be calculated corresponding
to the dry, vacuum saturated and accelerated conditioned MR values
obtained from lab testing.
In computing the stress (strain) at the bottom of the ATB the
Mg of the ATB itself is unknown. For estimation, the Mo of the ATB
is equal to one half of the MR of the plant mix. When calculating
the stress (strain) at the bottom of the plant mix when the ATB is
cracked, then the MR of the ATB 1is reduced to 70,000.
The table below summarizes the MR and Poisson's ratio values

used.

Layer MR (psi). Poisson's Ratio

Plant Mix From lab test Dry. vac. sat. .30

accel. cond.

ATB (not cracked) 1/2 lab My .35

ATB (cracked) 70,000 .35

Agg. Base 20,000 .35

Granular Borrow 14,000 .35

Subgrade 14,000 .40
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With the fatigue 1ife data obtained from the lab tests, construct

a graph of log stress (strain) vs. log life (repetitions) for the
dry, vacuum saturated and accelerated conditioned stages. (Note:

the vacuum saturated fatigue Tine may be interpolated between the dry
and accelerated conditioned 1ives using STS ratios for stress fatigue
and My ratios for strain fatigue).

Using the stresses (or strains) from the Chevron 5L program (Step 2)
enter the fatigue lines and obtain the lives (repetitions) for the
dry, vacuum saturated, and accelerated conditioned stages.

Obtain field estimates of past and future Traffic Indices along with
the future predicted 1ife (yrs.). Using this information calculate

the mean observed TI (TI ave.) using the following equation.

_ (Present Age)(Past TI) + (Predicted Life)(Future TI)

TIave. Present Age + Predicted Life

Using TI the traffic rates for 5 kip equivalent wheel loads and

ave.’

commercial vehicles are calculated for heavy traffic:

SKEWL _ _l,(ll )8.3333
yr 0 1.3
Commercials _ 8.928 x 1074 (TI)8'34934

yr

Assuming that the ATB will remain dry for 2 years, then be in the

vacuum saturated stage for the next 8 years, then be in the accelerated

conditioned stage after that, solve the cumulative damage equation

for Yac :
ATB
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(2)(Rate)  (8)(Rate) (' ac)(Rate)

=]

LTfeDry L1fevS L1feac
ATB ATB ATB
Where - Y_ _is the number of years in the accelerated conditioned stage.

ac

Rate is from Step 6

Lives are from Step 4

_ Y
YATB =2+ 8+ ‘ac

ATB
Note: If you're only considering the life of the plant mix, Step 7 will be

omitted and the cumulative damage equation will be:
Y

» ("ac)
(g)(Rate) (8)(Rate) DM (Rate) _ 1
L1feDry L1feVS L1feac
PM PM PM

8. Solve for the extended 1ife of the plant mix, YaC , using the following

cumulative damage equation. PM:
Y
( py)(Rate) ]
Lif -
ac
PM
YDM B Yac
DM

Note: If Yac from Step 7 is negative, first cracking occurs during the
“ATB
vacuum stage and the cumulative damage equations are:
Y

ac
(2)(Rate) , _ATB (Rate
LTfeDry L1feVS

ATB ATB

=1
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Yatg =2 % Yys

ATB

Y\!S

PM (Rate) _ 1
LifeVS

PM

You = ¥

PM VS
DM

9. Total predicted life is Yiotal

Yiotal = 'ate + Ypu

10. The total number of repetitions is calculated by multiplying Y, . , by
the rate.

Total 5KEWL (Y 5kEWL Rate)

tota]) (
Total Commericals = (Ytotal) (Commercial Rate)
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APPENDIX C

MECHANICAL PROPERTIES FROM SPLITTING TENSILE STRENGTH
AND RESILIENT MODULUS TESTS

AD-53
Pavement

I-84. Source AD-53. MP % 61. Cores drilled from shoulder in spring
1982. Pavement constructed in 1963. Mix was untreated.

Laboratory Specimens

Laboratory specimens fabricated by Boise Lab, ITD June 1982 from fresh
materials.

Mechanical Properties from Indicator Tests

Splitting Tensile Strength Resilient Modulus at 55°F
at 55°F (psi)l! (1000 psi)?
Ratios Ratios

Test Specimen | Voids |[Dry |Vac.}Accel |Vac. | Accel.| Dry |Vac.]Accel.|Vac.{Accel.
Type (%) Sat.|Cond.3 |Sat. | Cond. Sat.|Cond. |Sat.|Cond.
Pavement Cores
(untreated) 5.2 1129 j109 | 74 .84 .58 726 {653 | 547 .90 | .75
Laboratory
Specimens 4.2 9% | 88| 71 .91 .74 809 631 | 549 .78 | .65
(untreated)
Notes: 15p11tt1ng tensile strength deformation rate = .065 in. per min.

2Resih’ent modulus load rate cycle = .1 sec. load, 1.9 sec. no load.
3Light stripping in cores; moderate stripping in lab specimens.

C-1



BK-142 s
Pavement

I-15. Source BK-142's. MP % 65. Cores drilled in spring 1982. Pavement
constructed in 1965. Mix-was untreated.

Laboratory Specimens

Laboratory specimens fabricated by Boise Lab, ITD, July 1982 from
fresh materials. 0.5% liquid antistrip (Acra 500) used for treated mix.

Mechanical Properties from Indicator Tests

Splitting Tensile Strength| Resilient Modulus at 55°F

at 55°F (psi)t- (1000) psi)?-
Ratios Ratios
Test Specimen Voids |{Dry |Vac.|Accel |Vac.|Accel] Dry|Vac.|Accel|Vac.|Accel
Type (%) Sat.|Cond.3}|Sat.| Cond. Sat.|{Cond.|Sat.|Cond.

Pavement Cores
(untreated) 3.7 { 95 | 58 | 42 .61 .45 11,2113 6751 370 |.56 .31

Laboratory

Specimens 4.4 1105 | 89 | 56 .85 | .54 805/ 691 | 502 |.86 | .62
(untreated)

Laboratory :
Specimens 4.1 1 99 | 84 | 64 .85 | .65 77016931 471 .90 | .61

(1ig. antistrip)

Notes: lSp1itting tensile strength deformation rate = 0.65 in. per min.
2Resi11ent modulus load rate cycle = .1 sec. load, 1.9 sec. no load.

3Heavy stripping in cores; heavy stripping in untreated lab specimens;
light stripping in 1iq. antistrip treated specimens.
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GD-56
Pavement
I-84. Source GD-56. MP % 160. Cores drilled from east bound lane
in spring 1982. Pavement is 9.5 years old. Mix was treated with 1%
hydrated Time.

Laboratory Specimens

Laboratory specimens were fabricated by Boise Lab, ITD, September-
October 1982 from fresh materials. One set was untreated; one set was
treated with 1ime at 1% to match the cores; and the third set was treated
with 0.50% Tiquid antistrip (Acra 500).

Mechanical Properties from Indicator Tests

Splitting Tensile Strength Resilient Modulus at 55°F

at 55°F (psi)l- (1000 psi)?:
Ratios Ratios
Test Specimen WNoids|Dry| Vac.|Accel_{|Vac.|Accel] Dry| Vac.|Accel {Vac. {Accel
Type (%) Sat.|Cond.3]sat.|Cond. Sat.|Cond. |Sat. | Cond.

Pavement Cores
(treated) 0.8 1178} 169 | 161 .95 1.90 111741247 {1245 }1.06 {1.06

Lab Specimens
(untreated) 4.8 1114 107 98 .94 |.86 |1015] 888 | 808 .87 | .80

(omohccmens 4.3 |118f 101 | 112 |.86 |.95 007|839 | 991 | .83| .98

Lab Specimens |5 5 11501 101 | 98 |.sa |.82 lios3| 835 | 818 | .79 .78
(1ig. antistrip)

Notes: 1Sp1itt1ng tensile strength deformation rate = .065 in. per minutes.
2Resﬂient modulus Toad rate cycle = .1 sec. load, 1.9 sec. no load.

3No stripping in cores; no stripping in lab specimens, but some
aggregate fracture.
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CS-147
Pavement

I-84. Source CS-147. MP & 253. Cores drilled from west bound Tane
in spring 1982. Pavement is 12 years old. Mix was untreated.

Laboratory Specimens

Laboratory specimens were fabricated by Boise Lab, ITD, November-
December 1982 from fresh materials. One set was untreated; one set was
treated with 0.50% Tliquid antistrip (Acra 500).

Mechanical Properties from Indicator Tests

Splitting Tensile Strength Resilient Modulus at 55°F

at 55°F (psi)l” (1000 psi)®"
Ratios Ratios
Test Specimen Voids|Dry|Vac.|Accel {[Vac. |Accel} Dry|Vac.|Accel|Vac.}Accel.
Type (%) Sat.|Cond.3 |Sat. |Cond. Sat.|Cond.|Sat.|Cond.

Pavement Cores
(untreated) 3.2 11661130 | 120 .83 .72 1165611482 § 1246 }.89 | .75

Lab Specimens :
(untreated) 3.7 j1151114 68 .99 1.59 1936880 ] 503(.94 |.54

Lab Specimens
(Tiq. antistrip) 6.9 |106| 98 87 .92 |.82 |885}726} 646 }.82 |.73

Notes: 1Sp11tt1ng tensile strength deformation rate = .065 in. per minute.
2Resi1ient modulus load rate cycle = .1 sec. load, 1.9 sec. no load.

3Extreme1y Tight stripping in cores; moderate stripping in nontreated
lab specimens; some aggregate fracture.
Extremely light stripping in treated lab specimens; some aggregate
fracture. ‘
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APPENDIX D

FATIGUE LINES FOR PAVEMENT CORES
AND LABORATORY SPECIMENS AT 55°F

D-1



(SNOILIISdT) 417 FNOLLVL"

780 ¢ 9 § ¥ £ 2 S 69 .9

1) T 0T.
! FECET T I T
' TTEEFE R T LT C
BN RENE NN NN T T .:, Ll u 1
e pemmmpanr st Rl H O IRk e ; T
E . : R S msgEs 2
i R R R EL U FLE :
HE . PR R o e .
Lol-F i i e [ !
E3 J..N |'- * . 8 - 4 -} 4 .
= = fnid b o .
i = =R S .
ey i 3
& ERite. HHTH :
B n el Lt HHHE TR R .
REE R AR ETHR TR TR s
s : I AL . 0T
NERE . ! T 1 -
1 . :m AT 1
- E b 2
xm. asf 55, Iﬁr 5
v T & T €
R i{guNERRNA NIl v lﬁ_ . siaadan
- (ApuagRniin iy AR R fEienesag - T
2 R e e TR TR T BEs L S
+ TR A LR e e e e s
i CEE R e U R e A R FEERERS : .
i m ‘T e bt b bt L b bt L &
N TR HEH T .
s T EEE FUIIRTH T N
v " b b B o B Y B -] - + b - -§- b - QOH
THE Hil T 3
— R e [T
o "$340) pLaL4 (po3e4nies) 33M e
1T 40 S1S3] |edjawerq *4,5G Wod BYREEE R 2
-f saul] anbLye{ SSaUIS JuswWAAed  “T-0 IYN9I4 LELEEEE R i
fele I =g g N e Faad ol 3 t 3 I
o bee - . ﬂ
ko R R
I _: T FRHHEEEGHUATE P g
« . "vtm,n - - 'u‘v-.'l.l.r .I)V<<< - dtl lAﬂ - : -. <|.|. Rt b '

ISd “SSIYLS FTISNIL

D-2



R

®
[

(SNOILIIIdRY) 41T ANOTIVL

%Hae~on v ¢ 2 S 88 1.9

@D W o~ O

0

[T # TR U
L e T T T R tlighss
HE BN bt e P - t hik ek it
A A RS st B bRl i) mennhRg |l i AR H B Al R E =i
S FER REER R LhELEE RN T G T T e EER R HTHE
; H wh-- L TTr g . A} NS L
HEJRE=S i SEHIHE HEE 22RSES R b
;.ﬂ * i m‘ Bitly
giEaE=in -
FERARNIanY : SR P H R H
SB4EHENEE S S
- N PR ERELE B L
S ENF TEENT
R & el | - A L -4 g
. ER «w el i t
i TR R T gE=EEs:
HHE T L PP T
NHE e S T T ‘ Bt
e pa o e Hrr miudn et M i isdiad .
HiLE RER=: e S SRR ERERIIN FTEEEHT T R I.
M " L nm.v H o5 0 0 0 B g gt Dk it 8 A . O Iy O el e
HilE R E e R | YR amin, el S tiss
L HiHH i H-H-FITR T HIHEEE AN St
ane 5 TR FEFEE- ! FIHHIE -F:E. :
f s Hisan = Ed A=1-111H -+ LHHE -- L
' i - H-HH R R s b - +HH i F + i -
m r ! T 4
LR AR
cpbE s i A HHH- HEH:
s T
ol "S940) pLdL4 (pa3R4nleRS) 39N TE
T
[T 40 s1s3) [eajauRlQ  *4,GG WOUy THE .
| S3ul7 anbLie4 uLeals juswsAeq - THEEE :
INE AEEE=stt i il
1] ; I 1 g
[ SRRER SR A _ : d

fa

NIVYL1SOYIIW ITISNIL

D-3



(SNOIIIISd) FAIT ANOTIVL" i o

[Ppeypnen—"
:

H
H
§
44 L P L1 - s b4 HiL leoe e
| saallltliteaRRanmRm ek ennwn il AARRII 1 aummmititii
1 USRS NN LT T 4=16T EEEN a—‘. LT, LT "
B : e LI HHGTE SLE
e SRR e R R PR R R R
R ] b . 2
1 L3 8. SN IS (R SO I BN % N DRON D6 8 MA p HE o b b Lol =Y
iy g s A Ry By L L W.T...A _ ] N
13 AH 4-H- 9 ) e i quay e .
i3 pai & o O - .
s 1 - % g vy vl d
nwys sis - 3
dH = HHE i
. L2 = o ol b oy o ppihpgle -
= €

bt

e Ea : ,
L2M ©F T gz or |- fialty : . shdsdypumuymiiiigadas
R Ry it
a e enisEand =k iedigees s
TS - Bt 35} ,
: ‘ml .}uy H 14 .
ik suliillilaiie 0
A¥a su1hald hp - 5
13m 330D . . = - IR 0T )
. 1 . - P S K R Lt H.nr.
e §: =
iy -mx : ] T utlisds <
%uo.wu@um,lu. ;- o “di S - T u 2
HHE L R AR AR EA N o Rl Emmmitiiilangy. ““=n 3
il i SERM IR R i ] .
L - 2
S RNET = =
ks ks TH T EE] ‘.nm‘.mm.nvnlv.n“.ywtu_n g oz Sas
THT HITRT [ S assasas e
q .“e ses haall - BARE B 5 — C
THE itk e AR A T N
il ey It o 3 4 o e o
HHE i * TE IR R RA LR F
I EE B B - aflaacidRnnd RAEERAE $
cr R ‘~L X sday g & oot o pud ey gl e gl 0 o Dof o B o e 9
b R R S TR : )
Ang S R - FH=F AT FHHTETF
e TTECRH T AEEIL TR °
t i th Hr e o ol O B hudndfual Fl
i ERI roﬁ
Hite s RanEliiie T Tl Tl LERNR
! ' . -
T *suawLoadg Auojedoqe] Tk
s pue S340) plaL{ 40 S1S3] Rl
1 ledjauelq *4,GG WOy SauLq T R R R R ¢
anblie4 ssaUlS JusuLARY €6 QY  ‘€£- JYNOI4 N RER= S S ssanaa =St i RAIER =
! bRt inssEnEaitiistes Hiddisdcdee== +
i , - r T1°¢
P TR E R e R R
L g 0 it 13 Lxmm_ HUprEe et
: SIS e aarass (AL L 1t A RAT R AH L bkl

ISd “SSIYLS ITISNIL
D-4



(SNOILIIZdT) F4IT FNOTIVE" :

=
‘e
| J
@
"~
L]
w
9
"
a8

20T ,_ . .ocﬁ

. : 1 -
Ty EH N T oy
o TRFETGE IR, ;
PR T WELEHR R T T e
L EEEE L T E R R T O :
TIA T B s 31 ANy A e Ha¥F N—. [R¥Y% a 1
s B3 ol 4t PN N N pY odal- . = EREN
i I B asdy 3 nige REnN 4 . L -t HH .| . ! RN E 5
i H“ m ww m L - 4 M 1“ m\ R S N O 141.: R8RSR N 2
w r dm NMLI e HH R T it ,“M.n; WA E it .
HH: HEES E 3Ed et sema S .
... WLirvl..l 122 m 188 ..“_x
! peEs it . y
e R Bss HerEHRRE B
: -1 |“. o e :.%n e Bt =b=tvipl ol $
53 B 3 9
THAH L h
; + i hi alisilldkakia 8
B b n H HH R EEHA e
AEENES = —[HHIHH HFH 0T o
iy VAT T T T T T ET T nﬁw
1am ST b | Al drd R a gl : NEN [ 1 Ls
=1 W . e R i -
Y i h: L . NRR
A3a ST bl Rasidi] EISES - 1 :
EH T = E
8 1jldalnanmy r- 3
EN] HEES =2iilie 5
g 30 Ea =
1.3y JIHWFW‘ T T . " €
ABa 3907 |datupl i I HTE JaES )
I RS BN s e —adaiud Ha N shaw =
A 330nas... AR A EHERETL TNUHA Ame Z .
JHE e P L L T R : .
mw m .‘w: SSSFREN NS NN NN 58 Tyyxiy... LE o ; .
i m Leb bl B B 3N S S0 U 8 e SENSEREN NN L -
s FHIH FE- =HIIH R T 7 °
T . r 8
H I8 4 =f= I-F{- o e T+ HAF b b - -
1k HiHH ;0
HALE il T : NN ILIRIARREIANR) L TTERE
4 . -
N HH *suawloadg Auojedoqe T
1k pue SaJ40) piaLt4 JO sisa] :
lm ledjawelq °4,G6G Wo44 saul = SES sl 2
-t anbije4 uieAlS JUSWRARY €G QY “t-a IYN9IA e R : :
o . ...mniTu‘l Fl e H 1.l.m, 4 4 4t
i . ==t B Enpeadted Eg s wmaiiegidgs=de
i1, . TR s . I ¢
] B . I P B RNy SASN 11 uﬁ.l B N
o __m I EERiRdaRS Rl .sﬁmww_ JiigsaE
Sk R HUIIRE S T ,

NIVYLSOYIIW ITISNIL
D-5



o
=4
=)
(=]
i

[
>

[
L}
L
°

‘ o
9
o
&4

@ © ~ 0
o

D-6

ISd “SSFYLS ITISNIL

- c- H
-1 — FR B r"r_ L L L1411 .».7.
{ it 11 LR T
“ :*w ...m.. EREN 4 il B bbbl he e B 0L L - _m EEN
’ HE] h HHHEH R FE IR T R HEk
: . il sq--HHHPTEER LT T TV EHE R . 44
RHE i R R P
. av = e REN YR BES RS EEEENnY 1 H - FE
N H H b B FEEETHEFELE ALT e H
2300 Gy pade4E St §58352555 TEs AERECIi I 1aETs
L BB PR ES EEIE I R e
P BT B O 1 iy
A EN Fp aatm i il |dsspats
) s e i . s
: oAt Fedrizitin S ikiisidaagpnnynliisiadediRaas
43M 3300 Kadgld e 5- el by S | she=
Ada g9 PR 5 AsESEgiH sejijiE
: M : 8 h i o Ll 4 SUBSNEN
g R R e T T s awn i R aliil oSy HIH
g I EE B SR #._.fl RN » b |1
o § 8 foe frfeedifei b Pt~ |- =t={t{H | +-H HiH A
AR ETHEIHIE =
ARG 320D atebtetaint 41 T TS T
NEEH M 3o AEERN R, H R
N P diefie ki SiBNnNagmy RN {1 .mm fl
i ENRS REFWRA N DN Ay i : .
THE FE kil BRI
HHE LR SRR HifR; e
r Y P T - SEEAN RS HI X T
R B R e R e R 22
JIEEAERIEN B IEtcE s FEECE
[ B pOA HHEHH TFHA - F TR S T HITEAN
T HEAEg e 1t B M M 115 T
B 50 ol LA sURgRnan i alllidts e
BHER R HEH: —HEE T TIjEaEE:
N A MR L B 125 SRR Nt ped o AR R AR EE LEE
SR BN RIS S - sydidaegdidomm i el et Aded AR
R R PRSI g o el ) e e R R el B SR RRE R 2L e P
I i 1 H 1 -HUHHHH .
ne i A H-FHF ~EHHH IR EETEE
HIS S5 HHFHE FH - -HH TR I
H H mm 54 - AR 4k s bope b e i e > - b
(TR il W
LR RN [t il EAR NN TS T LTy U AT
' ¢ . AL AIULLLR Y AL L L - L ESERNN m ISR
T “ "susawLoads Auojedoqeq -k -
1 - B
i pue sauo)y plat4 jo s3sa] ‘ ppasas .
{ 6 Leajauelg 4,69 wou} sautq t -+
-1t 9nbLyeq ssau usuwaAed s ‘c- T STTEEE e
I E| 1S 3 d S¢vT g °S-0 3y¥NoI4 =PI ERE] SSESH:
_ - T +h w 11
o <) - -+ - rittl}
> - HE . -l ! RIAR
> Ll it




(SNOLLIIZTY) 41T FNOTIVL " :

.88 L 9 § 4 € 2

. . .
il 15 R T e et
W _ bt bl BB bbb fodol oo lmd oo - L 4. mm o .
: HE A cELA T R R TR . !
1H I L bR T U T R HHI :
o f & o :Jn RN el = » i L .
T =2 il g ATl CEESI
B 2 eI |d degliliiles e )
AR 1
: 22 - s v
F2ES : T R
s RS ===spitl E=s T s
i =i 9 .
R H =
- h S
: " - i i o § b g o —
43714307 T . - PR 111 - unn IRRERERNWITINIINNS “ m
k.mg %QV § : - - - of cdop mf §o —f HitrH 44~ bt QH
: u q 4 SERTRRAER il‘TJIx . LL |I)‘JO H
1HE ..J.._r i | [ CEEECEET 1 wr =
— ” Mv‘ulll._ 4 I i R - ¢
s 8 R L HERE; . iy 9
HHE 11 kw1 AR s34
TR M T . L3
KENERE ] PR R H T - =
x,m SRR S = . E
T S 3 asssmie
,.ﬂ F AR RSN W AR 8 i <
B ] HFF R 11 ATG FsoD
S ot - 181 4
H kS R AR {EE===tn f m._ H
I RSE - o rbd ot Bt febob ol e s B B 0 - - - i ¢
A RRE e R b e e e HEEHE
bl Sl and 6o mal o e ad e bl B el ol o ot B N 2 22 23 R . T T 9
m -+ g HH 1 t-H ~HTHHHAHA L < [N h .
- 3 T 1= b= FH-H-F AT [ it N
_ T ayumn C[- EEE TR T T 1“3@ 7 ;
n.. i RN b wofem Fobudn B S O NS EE RN - OH
Bt “CHIE -
ERRHHRINE Qe mmsusnnnnluiiidisiinnaRiiiliitideens
: “ "suswroadg Auojedoqeq HE maiie
e pue ssau0) plaL4 Jo $3S9] HE maluint 2
f LBAJBWRLY  *4,GG WOU4 SBULT =[] FEE I B
f|i7 °enbliey uleais jusweAey Serl M9 "9-0 JyNHI4 =l EERE RN R e
H - — = 5 -1 R ¢
[ IO S i - 4 - HH- Hitl
: : i IHEEEE - 30 LT L NERERY
. ” _ m_. __:__“____ R .M..Wmlu._ T HEE
' HES ey e e —— e - aal LS e ade Sv oy T 4

D-7



[

(SNOILIIHd) 41T FNOLLVL" P o

.o
k3=

- ' % w OH ' N
~ } dehol oprd SEPANEN 8 REFRESN
' T A AR Er AR LT CEE A
: HE : R HHE TR R R - il
RHE i R LR H R T-,a A PRI R : .
. T 2§ A S ¥ p o . et eE AR H
mHH L LR TR 1L il : .
S LI eg 5y - T (HET - THE SRR ’
. . ‘n - - W. p o § Py b et g v Yv SIES ﬂ .
130 hBLpd T . 1
N .. 28 M n w v v
/ A 11 k] 3 1 pEmmniferipagun
AU SLYL T Mol . g §5 .
A3A Q1ITONS 11iis } BSt HT -
H b K4 9 m
i ™ ; i =
T m ) = | 1 ¢ “
H tHH HH ! S ils g H
BEIEE 1444 e f gaae : L S P M 6 m
B EE b l == - “~{=fitid i e ~wiizilis OH v
SN vm H g 54 i Re - ST ey H B M
THE shfriarn ] ARSI AR TS e s m
Y BIPTEERRR|ILIALINANG RN NN AY NS L YRR RN HEE w
-+ Y b = : : 3 &
H» TS i o i o ol A R HHEH ey =S 1 o v
) : i IR .;.mn“'. 1 U o O 8 DN YT H HIFE AR N u S -
& - ceerfrpo b B R34 3 7 {4 =i~ “hefilet | 1 eilhin R o 2 181 5 > m.v\ A
et hnied R JE R R e R R AR R I S 1RO TTER ! H s 4
m wm Tl mm "w; CHE PR s L .._...Hnu ‘Lh)x v* ‘LwT. w ._wwmhn +1 Tt x% - ” ..,\J —t
N EERERERIIEEEE : EeREE iR fEEEE: :
e + T e e e === DU
IR Ry Em el uatudn IR R e NS A R [ RE SRR R R[] . .
Ry MuHE T4F FEEE R R T P
H k] b o Wuv: - Areycere idinsddnintds alls o e ad
AHEE L T bl o o ol ol L A iy b B Ak ’
R KT i} sa= EyRg gt ol i d ol ot bt 1 4 08 0 O Bl ol 1 ¢ THLEEE Afad
'S TE Spagaquyymm ey g FIF FERN R s
JHERRR HEEE e R
S EEE T SRR RIS AR AN T 9
Hit i It s - “CUR T ,
i -3 S HHH B HA- - H-FR=F HH ! - ¢
J\ e ”..m‘..rlx SREN it 1 H L L RN °
3 W HST) PR e LR efe Lb g b p o o) 4 NSSYNERN - -1 6 .
il H R 1 0T
H H ! H L
H | ma il ek
“ o wfef b
S *suawioadg Auojeaoqe
[N . -
b 40 531s9] |edlswelq -°4,99 wo4i - - 5
] SaulL] anbije4 SS9UIS JusWRARY e HEEEETHA i
1 S¢ib1 g pajesd] SA pajesJdlun /-0 I¥N9HI4 TEEE CE I R R e e :
g H somnls =t SieeEs e R
._M_ I et e Sl e i ___ ] O O O Y AR AR l; 1 . ¢
LN H . N B o . bt | o bddd
. SRR _: : . e T * AikaRaa il I R R
| > e T ke S RS JUDI [ S . 14 +r b et * v

D-8



(SNOILIIZdT) F4IT GnOTIvd “

L5 6t 9 s € 2 97601 9 s r ¢ 2 Seet .9 s r ¢ 2 ._
T N
il RN 0T
H N 134 SERERR RIS AR RN AR
L R R R L R
’ HEEES Augiadui i N : Hihlek - i
) . M . m. m« - L %.vv nnl.. - R 5% % I 09 X olmu SESES xw mu.- - o ot 11 Lid SRS b £ " )
N ES =1 LR EHEEH R FE R HIHRTIRE SR Sx: Egs
B B B by geNy siafiiide o Mot ol L hdnn LI .
I EES i1 EEEEEE R R i
14 ‘.”. .
H Tiearisd 1
..., ..1..-1 e e Sl At Bl ad akd sisnde 4
LR S biad i e 2 = EEH R E L T
- P 2 ety s
z mu:; b = .M.M FE 23 o}
' m\ { i RRREE g m
i yt H N
1 T nn EE ‘ %
: : P - I~ 9 =
120 QLaLN Al T e e e L A i P 1 -
Aua guvd jebl: ] b ML) (L] e b i PR o
A I LI N .. m,m b r..-n.v +iERbd-1 felet == R R R 4 T A < MI w
s 281 U T i 1] i T L RSN D N
A HH R S = iR i i ISR EA o 4
1 xR s SeaBEE S Aad A Ba | I [ RN =
HINES Bl E==a 1 'mu = .;-#..,ﬂ AU AR s 2 vt
T e R PR TR il 2
TTHE chil iy £ ke i 1
HE n | S 3B . .
TH i His i i A
IS it A1
HHES i g o ,
' “ .mn L FHHFE Hnwu u;m.,. - .
.‘ « m# TR THTE |n ardssissrEa =i TsnEn T =t s
S RN ot § e gt i o ol e g ik sl ol Py o QB ol o gy bk Fes o 9
i m .T “ L - IRRERARREEITN g .
i m $ SERERER RN P O ENS 0% S B e SENREEEE NN L
I i - H +- J-1-1HH + HTFF - i j“
H i HA TR = FHEHE AT AT . FH 0T
. M e d
THE -HkH : ,
T 11 1 : R TR R LR T anraial
RHEE *suawLoadg Auozedoqge 1l
_J_, 40 S3S9] |edjawelq “°4,GG wWo4y +F : )
| Saul] anbLjeq4 uredls juswaned FEEIERE -
SZy1 g Pa3eaJL SA pajeadzun  ‘g-q JYN9I4 ESAERES i TR S
1 TR e e T e e e ¢
. i gl o o B e FHHEE R T e
! [ PQUIBIEY piAPN vy ARRE] T T 4 v
AL ,

D-9



(SNOLLIIFAR) FAIT INOTIVE

o - R

1882 9 § ¢ 2 S set.9 8 v ¢ 2

T
1
I
o
L

:
s
-|ii

[Jppum—

T

d

pe

o} = o g e s g

T

v

al

3

T

1

R EE L L = Ll L L e
e - SN - SRR AN s - NS
el : itiliiegs sakp Al : ik T
s § L - i i I i ot - s
- il - i 2
. IL. 29 of Al et b 1Ll l - ~ p NN Iy &
H m. = IR A R 0 A By N SERSEMES .
. A H 4T ) 9 1. A .
4 - s ] . AN -
i .m i - R o o | 1 mul Bl lts
g 52 P =R e nbpSd =il i8S
] : €

ﬁ‘-

|
!

XumAwLJ.

=70 mﬁde%wQ.u % ¥ m o foe f o fen 459 1l xyvrx FH R 1 4
3 oo N Shuas e N
. .nl 1{ L Lk g . "t g n.c ,l..\.m.
oA RsE by B reld |
g3 Pepdisee s z
s 4 TN z
- Lt 5 -

L3m 330>

[u1

A3Q 3200 4] L

o off i
4
it
¢
T
1
d
|
T
-
+
1
1
1
i
3
R4
-

o
{

THE . A . 00 1
: : - ) .~.,,¢.. T Abe e b H bl
JHE FHI: . HiL
HEEE fiEE R R g :
SEAE S . s
REd i | EERE
H [N fobefod ohadn o fe SERaIEs 444 ¢
R Ea R T fianes
- § i e I ol it slas o -
e ) AN g 0 oy asqnas San L4
m 3 nn ...g e R LEERUTEFLE : uv
RAE (T TR e e EE LR :
e S T JATE=T [ T AARRAR ¢
B 1 H o ot | - b L N ¢
- N IERagAnANN % I P o 9N FRREQEE NS b L. &
: HIHH 0T
_ SRHill puanifitoig ke pnmmn s npAnliiiset ARt i IR
. *suawioadg Ao
Ea A403e40qeT] pue Sa40) plaLq 40 ArEl: . ;
11 sasap |eajawelq 4,55 wody sauL] TS e e R
18 anbLje4 SS2JIS JuaWaARd 95 49 "6-0 INII4 SRR R R R §EHEEE
I B = Pl s R e P R L
| 1T
Pl e U T B T H H*
o Lo T TR FHHHEE L T R
- s . I SR TR v e LS ANAE wan il 4

ISd “SSULS ITISNIL
D-10



(SNOILIIdRY) FAIT FNOLIVL ;

: ) § 1) S > .
nmmw 9t 98 v ¢ 2 9769 1t 9 s v ¢ 2 S-veot.9 3 v e 2
tH it I I 1IN I i :
M _ Hellfsn s 4 i bl -2 b et SERE ~ . L o
T vnm" s ERE JAER i SEEAR HIIIE "
w “ [} m. m L a8 1t - e R r N .*.. 9 ..- ! m...» - g iy o § lLl..._' s H ,
A EF 2 3. C R VT -F I H INNIEE
HH e H e e R TR D .
i3 LSS - FHE soEalihi
£l , aEAL: H- | EE ¢
ISR RAg g B i
LoEEE I
- | b v ol O 2hd o 4
1 ..“unm 14 14 - Humiiine
;. FEHRIEre e “Et 353 s
mr" =is i 3 9
: T -
A¥q PP 111 CETATE A ¢ 2k
AaM gy PR X . T T TR e L -
9 e . L = e B e B b T R = ol o m L ‘,
v =t H - ~v - . H 0T v
i e, S R B S B r C e
23m SUOD o) T _ﬂ.... il FETERHITTT RENRIIIE 1
ADG 320D e LR |1 Naas WHEMMEALE N RN e ntin
[ T 1 T o T g, . ? o U -
: 15l srapsaEs. RIS i
; EER AT e N R AR > HEHHE -1 ,
sl iy LULRS B 0 N ey o et o B SO K{NES -
5 = g Ry o g e fiiiy
TH SRR s U
N 1 I i X = Rl LR
I e el T ’
HE . : shas mEgpedbmn tidjataits
1H il HiiiEadeaaaE T nREa i el - - ’
- T e T R L EE T H e R P t Sa3sS Sk, s
i Hiliss=c3): EEEE R R | 2E | R R [ TR " HEaEas, .
i b4 Hebiiad - e b b - N '.rn
T : Ann 1 ToonT N T I e KJ
1 s nks bbb anfon b le -f 4=~ +HH H-AF 18 e 8
i T OH
; THIX NNy
i *suawioadg HHINE NN :
H A103e40qR7 pUR S3U0) SHATTF maii
e PL3L4 30 S3s9] [eajawelq T :
u.ﬁ "40GG wouy saulq anbLiey T HEEEEELHE HH 2
- ULedls JusweAed 99 09 °0T-0 3Y¥NDHI4 s Emm e PR A e
[:1: Vi T S R SEESlHN e
P E RS ¢
H . B o B R e L. SRP
i Py - o L irladie
o ._" I3 -1...@ [F 4..%%%1‘_ e -H -
o I ST e o b pd ¥

NIVYLSOYIIM ITISNIL
D-11



(SNOLLIIZdR) SATT FNOTIVE " ;

“i880 2 9 § » ¢ 2 S se 1.9 8 » ¢ ‘2

T ] : H
- .8 _ F ..- + -r% L ﬁ a8 - L) didatel. bid 5
i O JIs . TR [
ww u. .ﬁ w.r bl 4 SERRS efof foefed LI o L - * - et o fonte | 1 L1 |
- T na i nie - Ry iR RN I IR L "
L e ieaas il it aanes HFEEEMIRII T WP R : T
s o bt L BT JINREE X i Hi == H-HHIHH 2
R RER R RS | FLEE B TR MR EEER
w " 4 u‘ o=~ 1H Ay ] o f~ s “¢.T..| A . ..
L2t asuiwn || § F-2 EEHGHE T USR] E EEE I
AdG-GiA LA Bt st S 1 (3
e 1. i40988 44
Bur/7) Aua a1l 1qds - Sl T
Mo::.. LI Qb LTS : T 4T T r
WLV )LD il (R [T pusmsanfrid : : X
C©1) Agdary Xy Pk =54 . A
BNy B 5. “En 1aag -
HE = o 2
v i :
. r r L J
i3 HPRH - H-THHETHH .
BERE Frdeds i 5 o sadesECE YN RER s Wu
TR Froope food bbb ¥ - 4 ol == rilaemiiziiie
BER S K 1 - OH Aw
v i . ¥ - o o L -
il TR NN Sy ey UL TEAFFFET i :
HE LI R Lt P T s s T e 1t il —Y
ﬁn u . g-e-bais . E S ofe d=f= S .. hy > - S =% g S
il ==EEl B ot ot R U R T i A :L. B
FH 31 Bibisenbpk=gE Jrlahdt T T : ,
HIAES e R R R e R R R R R I EA R A 1RER
m4nw mambilsafsldilidu il .::.nu,h w 17 A,.r%h =
TET [S2EEL o g
RS ES = saipads Bl g B FH FErELERE c
1RE raqneansiiacanaa | TSRl B
.“!a. 4 bt bl L HHFRAF TR BERS y
AHES L R FE TR DR [
THEE e e R R e ;
il -k i - HH A L 9
e .
AT T T BRI
T s -1 H -+- -1-1-1{H - U -1 N
[}
m m. T]Lr. SERS b b wefom b s +FHH - -} b o -}
THE AR moH
i ) L TFTE
' suauwioadg AuojedoqeT R
EHIT pajeaa| pue pajeadlun . [ main
e 40 S3S3] |eujaweL( v e
- 2
17 *4,GG WoJ4y sauLq anbryey : _f TH: FIEEEELHE H
SS343S JudweARd 9§ 09 CTT-Q FIMOI4  ix .w.m-,,mh.m.mm”»m i
o~ = . RSN B peadielsdiis 1383839 d p o eae =l¢
- il < T R ~
Y = bty THTHE T R e et
LI B 0 rer AR B Can b T - v

i

ISd SSTULS ITISNIL
D-12



(SNOILLIJR) FAIT FNOTIVL" ;

.., :
. A m H mu*. ..rL:.i 1 4141 L
HH L T I A
' m 351 4 SERESS N By N Sy NN SERE _ - SEREmEN L1 .
: HEHES e P A LRI R R i i
m R E .w.. Sauwlls e e - dl e - -.‘l b . w T.:rl g o O e 141 nlx sfign
BEE : ra‘ : it ! 2
1 3 Lorn T TTFCRTTRT Iy H FLFF = A= F - T
H -5 S HIHUHE B EEEE R I j1a . .
: | ELEERARET S ERaERiitisiseaaca iill]: . .
LiEZER BRI : S|l ,
PR IRaadailiiiitlasianss
|} S EHEL I ES = .
m - .Ilnl H &ITrv & H”h] e
A=a arvinn ” = r_: : =is ) iy g . ﬂ
gl Al L =z
Llam arzinn: I N " - I T N0
L1 s r 8 T =
(o 17) 43M qLAL S]] a1y : AT FITHFEA e ilom
Cor1) AZa Qax) ¢ 8 i miilslladalin BRI 0T
(&17) 2oMm ALl Le . HHAF - HHH N E
i Sl [ ! A i T = o
K e ! H H |- L .
",,|;|m| o o oo .HI n _. 3 4 w o
HHE It e g~y SNAR{ ) 4
HHE S TSl T [l L T . =
HdE et [T =L =
i R T N R TR
P S R TR )
THES R EH T EE R TR NI
M B e SRR Adt ik b b=ttt R F -
HHESE i E53EESES SE| R T ,
i+ tHH HH - L Ll . .
i - L (ERRERERY I 0 O O npes RRINTINEE
™ TTHEFEH I A TH AR T e T MAV:.:MV%,GQ G.Pw_\r
v - L SERNG N S B B = BN N Y IO % N ++H ~f b 1. EERNN s -
1IE _ il 0T
e . .
! "suauLoadg Auojedoqe
- pajead] pue pajeadiup mmliig
e 40 S3S9] |eJjawelq .
| "40GG Wody sauL anbryey b Sl
I H H ULedls jusweAed 99 @9 °21-0 J¥N9I4 GEEE SiiiliiacsessES e tssaass:
R Y S T it RO =l¢
Ll 1k siissaealliiiataasass _
SRR BEE ERHE e i e et
v e 3=, Lass T r > T T r




18080 9 § v ¢ 2 G780 ¢.9 8 » ¢ 2

wt

e}
=]
=

- HAK 1 i
R _W : T TR E TR T
1 w . i N J4 00 s - HHE L e e .
s .. = RN Lid Db bt do ol bl REL D L - — w d- SN a8 -
: HERE PR A IARE nhlek adg=alhi
P TELEE T psindn * i i gk T Titaes
NHE T TEEE T ia T R AT T ,
m M. W hil s IRES R Mv.a.n.. M.m..u ~4 H ] . 'm SRS P s nuy by nw shedsnpa ]
HHE NEEEEEE R 3 SERSIEN .
. P T l...‘.~.vx, 1 ¢ .
N .. v‘:ux o & = § e 1r ! b L4 -~
HHEE R HIT v 3
e = SE=Si s s
Ava 97 (e 3 i S
TP i s Y m
: 1 1 ¢ =
B m .w wl g = bt b b - AR R M MJI....
NEHEAES =t~ |- —{-{HH HitH
11 0T « -
A AR 5 Rmit
HHHE Ena S gl 20
i IR e VW | 1 [an]
LA BUOD matey RS b A RS A W T y
b AR L s : 0
Adg 320> RAESERR= I, TEEE ¢ z
21 B e aEs it dE 2 s -
it R = 2 833 ? el i 3Eg=s ¥
HAEE T e R e L PIVTEETE | =
THI i uskdedd IR a AR R R E RN B Lh ‘
Hil o A M alilittekeiin T EEE :
L e e e e e e e D L e
i m -} I, HHHHH L ~{1H L I 9
i NS RN FTTH AR EY O I O O JTHE L .. f ¢
e s s [ FEH T BEEDE ; T ’
e e R A A PR T TITER y
HHE ; muiii _ L0t
(11! ¢ -
g *suswioadg I L2 VI
e Aa01BU0qRT pUuR S9409 mfe
i PLOL4 40 $3S3] [eujauwelq L f
R4 K "
2l 406G Wou} sauL] anblryey _ RREEE i 2
SS943S JusweARgd /YT S) "€1-0 FYNII4 REREES S BERES A II: H [T E
2 Chase eV R IR I T SHiytiasees:
e T = W : ¢
o __ SRR : e
IS H HES S BN by el ! ﬁ.~x. 54 ..x..—: ,



V2

(SNOILIIAdRY) FdIT INOTLVL " :
40 - o0 . (1) . 0T .
huﬁv 9 ¢ » ¢ 2 969t 9 5 » ¢ 2 S>set.9 8 ¢ ¢ 2 y.o -
- v Al T bag o, -
Bl L TR e oL
' T B R E L e T summmjiliies g
HH R CEA TENEL Lk aigmalliig
RHE HHEREE k34 e R R Nl il m ! m' R nadige ,
T r iy ApN 9 IS % 5 e A Sl F ¥ Ty HH N Sy 8
: H 1u-mr._«, N“,. o R J.ﬁmn.,._,,n sRERd ] B L .
R ERES s F=2 ! - AR SREgIt ’
: s [ AHD e EEIF T h R b
Lam BYINGHT Lk TipgaRsaRAR it ¢ .
: ..,.‘Ta; it -+ ali -
4 T I : FEETHE HFH R v
R S RAER T e g e
H -t ».Fx & e taid] sascided s
TR EE i =
H L=
L -|-IH FHTHTHHTH w
H u Fodofee § b 1.Il bdd - SESEE NNy . T vi. —
nE —FHHHE JET T[RRI ™
xmomﬂirr . ;T:_ ! L LM = o
R H ARRRiiitnl SEUTREE OIS T it ) —
[ I < kU S _ i (..“ww.- HN_U . n_u
N.pl-ma . P 111 ; Y N S . " wn
il IO L SYEN MRy A o =
SAREAE 44+ .W-.t_ Hagiieefiig s =
L2N FHOD ) -1 ~ RERS SR HGE I -
_ S L —
Aug muouw“l -...: s .m_uj. ,M EEERT L, ﬁ#, = w m L IH : =
P, = 0 ¥ | o o o o g § . o ot o
iS5 iesd 2B%: iEEcabe = Sirsizceikabn= iz 1z 1853
TH HHT T R . JEf it L ‘
i g uhad BERgapa - = iiaageas = RHIH IR NAR RS
e EEEEEF (L T 3 ’
4 B R R R R = R R R N annemmc
e LT PR Rt T TERSS s
I H B2 i3 e R e R FR T B P T R A P E= e = 3
AHE T 1T JERNER g 1 imiiil taais s
AN : : . FIRH[E - T =N
H Ll B 4. $ T T L LETEE - 8
T - - I Y B O O FFEEST OTTEE N 8
m 3 “ ot b4 L T -~ WOH
- ‘ LT e
ik *suswLoadg , Sl :
©lE “ Aa03eq0qeq pue sau09 T FHEE iy
Sy PLeL4 30 S3sa] [eujauwelq A e 2
2l "40GG wody sauL] anbiyey R R
_ ULedlS JuswaAed /yT SI “H1-0 JdN9I4 S I EEERE RN HR TN
. c
RO T E R
S B ot FHHEE T AR N
<5 . —trrre T TPy v
b ! y , C . o b T R



.“.o

pm.\s_ .a\wa.

=i

[
]

(SNOILIIdT) 41T ANOTIVE "

Aaa Q1A

Adq 'gAALNN

1H| ity grwa( il O AR HTHE oL
. e - 1 Jlf R
HIT 1 T e | LT e :
= - it
i i - ELEETAATTHE I THRaE :
™ PN EE T EEEFTFETE E Y i lifiiaE e s itdycee
Tl =1 AERSNBEEIRIIERER RS g i T R EEERR :
R T -k - FHH -
X35 3 e-d- b fod i
1 E323 18358s SSEASEAIN HHF | R
: . agqt .
e SAEE | st il T b
IR T
. l‘—_.-.. - o - et mllﬁ ..”.‘
atI R ssfadad 3 5
: Em b T~
" . olw.ﬂ... _uNJ
et c g
IR ERER ST S R oo
il s ; T 0T 4
HHE ST ST R
THH A il ran A AN e » '
NN i EEETRA Ji- ? TR & e
1 b e - B i
: 33 IR i . 3
FEERE Tt el e T .17r —
1 W 228 lasiildddee - =k }T s3diEEAE T”r;._._-. ==
£ES SR HE | R A R e
il ot e e e e T : ‘
w .- JEFEEIA s B D 1 4 4 ﬁ,i TG AT
i[E R R R T A TR T e : ’
I3 ER b s¥eSauiay iy o m ol [N ol ol o A.m .,..,,1 u,}ux.xw1 HtfasEnas " s
S EERA HE R R R R R A FEH FEE
HiE Him ui musNnunmmiiditnn il ?
i ” M4t b4 N Ny R - L L
M L -+ H 4. $-H--F-1-11TH L T |- 8
7 i b R TERE =PRI HOTER F &
Hp' NRI! LT 0T
t FRSRES o
H . L L2M cQrdiNn
Hil *suswioads Auojeaoqer | \
“ pajead| pue pajeadiup FEL
L 40 $3S9] |eJjauwelLq THEEELTEL-
m "40GG WOdy S3ULT anbLyey IHiEsEs el :
| SS3U3S JusweARd /YT S)  "GI-Q JYN9I4 T EqHT ;
il e n
. !
: Ll e I I T




(SNOILIIAdR) FIT ANOTIVL

0T 1] 8

97768 ¢ 9 s v ¢ 2 SS7se ¢ 9 s ¥ ¢ 2 LA

: r o [
] HHHHHHF “_ HHHE s
¥ e N i JUEN 1 _
i FEERHE I I
o e ad R LA R R LR AR A - !
| aicn r A el A R AR B e = AR e ik ed ,
EEEES S IeaEa Nl idiRaetR 1 paee
Lam Q1N NS THH ¢
! . e L 14 +x... - - -
. - 2 T ! 2 v
1 NGRS EE T  HH T R
L3M ' QLa LN SRSsats iasscpasays s
SRR By RS : ,
i H i stlitidnnn . L F
Aga rqidl ; T 1 —X R
BEER N I - AT A M
e jagEEaE AT TR T
\n ; OH 3
VISP NG R E 4-1- RERSNE B L
‘ T NN ; R T
: PHU N - auh ]
i FEITIS RN L i
N N R 47 Iy N 5
wm.ﬂ.. uh.’Y, s R = N SEEn o.mu
= E5 o : ] B3RS
IGE o2 ez n
i w - o f b L L - 1+ - -
il it e A A Ul te
i fi- A HFELF 1] P
o hre o g 8 58 O O T ssysan CTTOR 14
m _ m‘ R CIFETRL Txu# #%." o Cl .
ik b e R R e L [ R H
i F-HHF HIHIE .
ayp s =T ir ~ 11 ha .S 8
H [ LHE IO 6 N O e O r - T 6
i . =t | Pl e b rOH
AIRE . T TEETHILRTY 3 o
L *suswLoadg Auojedoqeq ITER R
ik pa3leau| pue pajeauiup . HHEF :
o 40 S1S9] [eujlawelLq S g 2
4 *4,GG Wou4y saul anbijey SRR
e utedls juswsaAed /T SJ  °91-Q FYN9I4 SR TEEEEEEE I HHH .
. 1. . R IR T H11 H
[ bbbt HI ARHIHE | A H T i _—
1 .lm.. .,..MA,... : R - .- : p.._v~'| In.l R - Y;,Trcw. .ul. =1 r r .T . .41 A.L,V
: <

NIVYLSOUIIW ITISNIL
D-17



